Objective. To identify determinants of potentially inappropriate (PI) antidepressant and anxiolytic/sedative prescribing for older, community-dwelling adults. Data Sources/Study Setting. Office visits from the 2010 National Ambulatory Medical Care Survey. Study Design. A cross-sectional study measuring associations between various patient and physician factors and prescribing of PI antidepressants, and PI sedatives among elderly, using Beers 2012/2015 criteria, a clinical decision model, and multivariate logistic regressions. Data Collection. Visits by older adults (≥65 years) involving medications were extracted to identify visits with antidepressants and sedatives. Principal Findings. Black race, asthma, depression, osteoporosis, payment type, consultation time, and computer systems with prescribing support were associated with reduced odds of PI antidepressant prescribing among users. Income, chronic renal failure, diabetes, and obesity were associated with reduced odds of PI sedative prescribing. Female sex, white race, depression, increasing number of medications, and physician specialty were associated with increased odds of PI sedative prescribing. Conclusions. Various patient and health-system factors influence the quality of antidepressant and sedative prescribing for older community-dwelling adults. Longer consultations and the use of computer systems with prescribing support may minimize potentially inappropriate antidepressant prescribing. As medication numbers increase, exposure to PI sedatives is more likely, requiring medication review and monitoring.
. As a result, the findings of reviews applying these measures inform prescribing policies, insurance coverage, and educational interventions. Therefore, to understand the context of the use of PIMs, the identification of factors influencing their prescribing may guide the development, application, and interpretation of quality measures, and subsequent quality improvement strategies.
Aparasu and Mort in their study among older Americans in the 1996 Medical Expenditure Panel Survey found age was a determinant of potentially inappropriate (PI) antidepressant and sedative-hypnotic use, and Medicare status was a determinant of PI sedative-hypnotic use, using Beers 2003 criteria (Aparasu and Mort 2004) . Although more recent studies have tested factors influencing the use of PIMs among community-dwelling elderly using Beers 2012 criteria, none involved Americans or factors influencing the choice of PI antidepressants or sedative-hypnotics (de Oliveira Baldoni et al. 2014; Blanco-Reina et al. 2014; McMahon et al. 2014; Nishtala et al. 2014; Davidoff et al. 2015) . Following the introduction of financial incentives for the meaningful use of electronic health records (EHRs) through the Health Information Technology for Economic and Clinical Health (HITECH) Act of 2009, the use of EHRs by office-based physicians has increased (Hsiao et al. 2013 ). Subsequently, improvements in provider performance and the quality of care delivered by practices using EHR systems that meet meaningful use objectives have been reported (King et al. 2014; Wright et al. 2014) .
Given that prescribing may be influenced by both clinical and nonclinical factors, including additional therapeutic alternatives and health technologies, factors influencing potentially inappropriate prescribing are expected to change over time (Eisenberg 1979; McKinlay, Potter, and Feldman 1996; Hajjaj et al. 2010) . In Eisenberg's model of clinical decision making, factors that may influence clinical decisions are listed in four categories: (1) physician characteristics (e.g., age, qualification, specialty), (2) patient characteristics (e.g., age, sex, income), (3) the physician-patient relationship (e.g., rapport), and (4) the physician's interaction with the health system (e.g., administrative constraints, peer influence) (Eisenberg 1979) .
In the absence of recent studies of factors influencing the quality of antidepressant and sedative-hypnotic prescribing using the revised criteria, this study aimed to (i) assess the influence of sociological factors on prescribing of potentially inappropriate antidepressants, and (ii) assess the influence of these factors on prescribing of potentially inappropriate anxiolytics/sedativehypnotics for older community-dwelling Americans. For purposes of this study, the term sedatives will include anxiolytics (e.g., benzodiazepines) as well as sedative-hypnotic medications (e.g., barbiturates, nonbenzodiazepine hypnotics).
METHODS

National Ambulatory Care Survey
Data on visits to office-based practices and community health centers by adults aged 65 years or older were extracted from the public use file of the National Ambulatory Medical Care Survey (NAMCS) 2010. In this survey, physicians were selected using multistage cluster sampling of nonfederal doctors of medicine or osteopathy engaged in patient care activities. At the first stage, 112 geographic segments of counties, groups of counties, county equivalents, towns, or townships within the 50 states and the District of Columbia were selected. Subsequently, a second probability sample of 3,525 physicians was drawn from the files of the American Medical Association and the American Osteopathic Association.
Eligible physicians (2,406) were interviewed, with participation from 1,482 practitioners, who were randomly assigned one week of the year for record review. Records of patients seen in the assigned week were randomly selected from the physician's log by office staff or field representatives. From the participating practices, 32,229 patient record forms were completed for 1,292 practices: a response rate of 58.9 percent (57.3 percent weighted) (National Center for Health Statistics, 2012) . Missing data were imputed via a randomly assigned value from patient records, based on region, specialty, and diagnoses. Data entry and quality control procedures were conducted in Durham, NC, by SRA International, Inc. (National Center for Health Statistics, 2012).
Identification of Visits and Determinants
Visits involving new and continued medication orders were identified from the public data files of the survey. Antidepressants and sedatives were identified using generic equivalent codes of the Lexicon Plus system, Cerner Multnum, Inc. (National Center for Health Statistics, 2011) .
Patient characteristics selected were as follows: age, sex, median household income, expected payment type, race, ethnicity, injury-related visit, the number of medications ordered, and the presence of 14 chronic conditions. Diagnostic coding based on the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), was used to identify PI (Radcliff et al. 2015) . The patient-physician relationship was measured using three proxy variables, estimating the degree of interaction between the patient and the physician. These included whether the patient was established or a new patient, the time spent with the physician, and the number of extended physician services. To measure the latter, a continuous variable was created by summing the number of extended services provided by the physician during the last normal week of practice: evening/weekend consultations, hospital visits, home visits, and/or telephone or email or Internet consultations.
Physician characteristics were based on physician specialty, the involvement of nonphysician providers during visit (nurse practitioner/midwife, registered nurse/licensed practical nurse, physician assistant), geographic region, and metropolitan location.
Physician-health-system interaction factors were based on aspects that may introduce the influence of peers and/or other professionals, administrative restrictions, and/or clinical protocols. Selected variables used were as follows: physician ownership, solo practice, the use of electronic health records (EHRs), and the use of computer systems with any features to support prescribing (patient history and demographics, clinical notes, laboratory results, prescription ordering, and the presence of reminders for interventions).
Classification of Visits
Visits involving antidepressant prescribing were reviewed and classified as potentially inappropriate (PI) if either was present:
1. Tertiary TCAs; or 2. An SSRI or SNRI or bupropion in combination with a PI condition (e.g., delirium, dementia, a history of falls/fractures, or syncope).
Medication lists for visits with "miscellaneous antidepressants" were used to identify the antidepressant, and subsequently classified or excluded if the antidepressant was not identified.
Inappropriate Antidepressants and Sedatives
Given that almost all sedatives were listed as PIMs, all visits by older adults were reviewed and classified as potentially inappropriate if either was identified:
1. Barbiturates, meprobamate, benzodiazepines (except midazolam), and/or nonbenzodiazepine hypnotics; or 2. Ramelteon or midazolam in combination with a diagnosis of delirium.
Data Analysis
Proportions and measures of central tendency were determined based on the weighted number of visits involving antidepressant or sedative orders for categorical and continuous variables. Statistical estimates including tests of association (likelihood ratio) were calculated using complex sampling analyses, incorporating patient weights and the sampling design (National Center for Health Statistics, 2012). Statistical significance was set at p < .05. Bivariate, logistic regression models were used to measure associations between the various factors and the presence of PI antidepressant prescribing among visits with antidepressants, and for PI sedative prescribing among all visits. Associations involving continuous variables were assessed using adjusted Wald F-tests. Variables with small unweighted counts that resulted in unreliable estimates were collapsed into fewer categories (e.g., specialty, payment type).
To control for identified confounders, multivariate models for PI antidepressant prescribing and for sedative-hypnotic prescribing were developed separately. To develop parsimonious models, factors with likelihood ratio (adjusted F) or modified Wald tests of statistical significance p < .25 were entered into each model in a forward stepwise approach. The significance of the each multivariate model was assessed using Wald F-tests, and individual coefficients were assessed using t-tests and 95 percent confidence intervals of the adjusted odds ratios. Factors that made the final model unreliable were excluded. Analyses were conducted using IBM SPSS Statistics version 22.0 Complex Samples module (IBM Inc., Armonk, NY). Significant bivariate associations (p < .05) were found between potentially inappropriate antidepressant prescribing and asthma, depression, osteoporosis, income, payment type, and metropolitan area. Household income in the first quartile was associated with higher unadjusted odds of PI antidepressant prescribing, whereas asthma, depression, osteoporosis, private insurance or self-pay methods, and metropolitan area were associated with lower unadjusted odds of PI antidepressant prescribing. In the multivariate model, all the identified determinants of potentially inappropriate antidepressant prescribing were associated with reduced odds of PI prescribing, namely asthma, depression, osteoporosis, black race, private insurance or self-pay methods, consultation time, and the use of systems supporting prescribing- Table 2 .
RESULTS
Black race was associated with 94.5 percent lower odds of PI antidepressant prescribing, relative to other non-white races. The presence of osteoporosis, asthma, and depression was associated with 88.8, 83.0, and 72.4 percent lower odds, respectively. Payment via private insurance or self-pay was associated with 85.3 percent lower odds. With each additional minute of consultation, a corresponding 5.7 percent reduction in odds of PI antidepressant prescribing was found, and 68.5 percent reduction in odds was found among Inappropriate Antidepressants and Sedatives 
Potentially Inappropriate Sedatives
Among visits by older adults involving sedatives, zolpidem, alprazolam, and lorazepam were the most common sedatives ordered during 27.5, 22.5, and 21.4 percent of visits, respectively- Table S2 . After classification, 23,452,231 visits (11.4 percent) involved PI sedative prescribing: 23,162,776 visits (11.2 percent) were due to PI sedatives to avoid and 289,455 visits (0.2 percent) were due to PI sedative-disease combinations. Table 3 presents PI sedative prescribing by various patient, physician, and health-system factors. Significant bivariate associations (p < .05) were found between PI sedative prescribing and sex, race, chronic renal failure, depression, diabetes, obesity, the number of medications ordered during the visit, physician specialty, and physician assistant involvement. Additional factors included in the multivariate model were as follows: ethnicity, income, chronic obstructive pulmonary disease (COPD), practice ownership, and the use of electronic health records (EHRs). Female sex, white race, depression, the number of medications, visits to general/family practices, neurology, and psychiatry specialties were associated with higher crude odds of PI sedative prescribing. Conversely, household income in the third quartile, chronic renal failure, diabetes, obesity, and physician assistant involvement were associated with lower crude odds. In the multivariate model, sex, race, income, chronic renal failure, depression, diabetes, obesity, and specialty remained influential on PI sedative prescribing- Table 4 . The presence of chronic renal failure was associated with 76.1 percent lower odds, diabetes was associated with 52.8 percent lower odds, and obesity was associated with 46.2 percent lower odds of PI sedative prescribing. Household income in the third quartile was associated with 36.6 percent lower odds. In contrast, visits to neurologists and psychiatrists were associated with 11.6 and 1.7 times higher odds of PI sedative prescribing, respectively. Female sex, white race, depression, and the number of medications ordered were associated with 1.6, 2.7, 1.8, and 1.4 times higher odds of PI sedative prescribing, respectively.
DISCUSSION
Our study found that nearly one in ten visits by older adults to physician offices involved PI sedative prescribing, with a slightly higher prevalence of PI antidepressant prescribing during visits where antidepressants were ordered. Factor analyses highlighted that prescribing of potentially inappropriate antidepressants and sedatives was influenced by various clinical and nonclinical factors. Most of the determinants of PI antidepressants and PI sedatives identified in our study were novel, except for income, and sex, respectively. Race was the sole determinant that influenced both PI antidepressant and sedative prescribing, when controlling for other determinants. Additional nonclinical factors that influenced PI antidepressant prescribing were payment type, consultation time, and computer systems with prescribing support. For PI sedative prescribing, these were income and specialty.
Factors Reducing Potentially Inappropriate Prescribing
Race was the strongest determinant of PI antidepressant prescribing in our study, where visits by patients of black race were less likely to involve PI antidepressant prescribing. In contrast, visits by white patients were more likely to involve PI sedative prescriptions. These variations in the influence of race on the likelihood of PI antidepressant and PI sedative prescribing may be due to variations in indications, previous therapeutic responses, or patient preference. Our findings contrast with an earlier study of PI psychotropic prescribing among Americans, where race was not a significant determinant (Aparasu and Mort 2004) .
Chronic diseases that were associated with a lower likelihood of PI antidepressant prescribing were as follows: asthma, depression, and osteoporosis. The avoidance of tertiary TCAs during visits involving patients with osteoporosis may be due to caution by prescribers based on the risk of orthostatic hypotension, and subsequent falls and fractures (DeBattista 2012). Patients with asthma were also less likely to receive tertiary TCAs than other antidepressants, possibly due to concerns about drug-disease interactions, as well as the anticholinergic and sedative effects of the class (DeBattista 2012). Given that inhaled anticholinergic medications are commonly used in patients with asthma, physicians may prefer to avoid additive anticholinergic effects. Although there are no respiratory warnings or adverse respiratory reactions directly attributed to tertiary TCAs, the use of medications with sedative effects in patients with asthma has been associated with increased risks of asthmatic complications and death (Ryan et al. 1991; Joseph et al. 1996) . However, these factors (asthma, osteoporosis) were not found to be determinants of PI sedative prescribing. The reduced likelihood of tertiary TCA use among patients with depression indicates concordance with treatment guidelines for major depression in older adults, where selective serotonin reuptake inhibitors are recommended as first-line agents (American Psychiatric Association 2010). We expect this trend to lead to continued improvements in prescribing decisions, fewer drug-related problems, and ultimately better patient care.
Visits where payment was primarily via private insurance or self-pay were less likely to involve PI antidepressants than other forms of payment. This may be due to prescription coverage restrictions by private insurance, where tertiary TCAs are excluded or due to patient preference. As the consultation time increased, prescribing of PI antidepressants became less likely, with no effect on PI sedative prescribing. This may be a result of the exchange of additional information between patient and prescriber, and the development of rapport. The additional time spent may facilitate problem identification, discussion of patient preferences, and medication-related experiences. This resembles findings of earlier studies among British and Canadian physicians where longer periods of consultation time were associated with increased physician assessment, educational activities, and improved quality of care Roland et al. 1986; Tamblyn et al. 1997) .
Visits to practices with at least one prescribing support feature (patient information/demographics, clinical notes, laboratory results, e-prescribing, or reminders for interventions) were less likely to involve orders for PI antidepressants. The presence of systems with clinical decision support at the point of care may allow prescribers to avoid the use of PI antidepressants. Further, with the increase in electronic health records and computer systems, this trend should be self-sustaining as software may be perpetually updated to include revised prescribing guidelines. This finding aligns with earlier reports of reductions in inappropriate prescribing for older adults in ambulatory care with the use of electronic prescribing and other clinical decision support technologies (Clyne et al. 2012) .
Visits by patients with obesity were less likely to involve PI sedatives, possibly due to prescriber concerns about the lipophilic nature of some of these agents and the need for dose adjustment to balance therapeutic and adverse effects (Leykin, Miotto, and Pellis 2011) . Also, obesity has been associated with increased prevalence and higher risks of falls among older adults, as well as lower health-related quality of life and a higher risk of disability after a fall (Fjeldstad et al. 2008; Himes and Reynolds 2012) . Given that some patients with diabetes may also be obese, and given that diabetes increases the risk of falls in older adults, prescribers may avoid sedative use in these patients to minimize the risk of harm (Mokdad et al. 2003; Maurer, Burcham, and Cheng 2005) . The need for dose adjustment and the risk of prolonged sedative effects in patients with reduced renal clearance may explain the reduction in likelihood of PI sedative use among patients with chronic renal failure.
Prescribing of PI sedatives was less likely during visits by patients with median household income between $40,627 and $52,387 (upper middle income) than other quartiles. This may be a result of unmeasured social and economic factors, including insurance coverage.
Factors Facilitating Potentially Inappropriate Prescribing
None of the determinants measured were found to increase the likelihood of PI antidepressant prescribing, unlike PI sedative prescribing. The increased likelihood of PI sedative prescribing among neurologists and psychiatrists is expected based on the scope of the respective practices and indications. Among neurologists, this finding may be a result of the higher prevalence of patients with severe neurological disorders treated with barbiturates and/or benzodiazepines, such as chronic epilepsy, migraines, and muscle disorders. The role of benzodiazepines as adjunct therapy for some psychiatric conditions, including generalized anxiety and bipolar disorders, may explain the increased likelihood of use in psychiatry, and among older patients with depression (American Psychiatric Association, 2002 .
Visits by female patients were more likely to experience PI sedative prescribing. This may be a result of the influence of other confounders, including household income, payment type, and mental disorders, which require further evaluation. As the number of medicines ordered during the visit increased, the likelihood for PI sedative prescribing also increased. This resembles findings by an earlier study using the NAMCS 1995 dataset, where the number of medicines prescribed was identified as a predictor of potentially inappropriate psychotropic prescribing in older Americans (Aparasu, Mort, and Sitzman 1998) . However, our study found it to be a predictor of PI sedative prescribing, but not of PI antidepressant prescribing among older Americans.
Implications for Practice and Future Research
Based on the influence of systems with prescribing support features on potentially inappropriate antidepressant prescribing, these tools should be actively used by office-based physicians during consultations. With the use of such technologies providing patient information, including laboratory results, medication lists, and reminders to support the selection of safer alternatives for older adults, the quality of antidepressant prescribing is expected to improve. In addition, longer consultations for patients who require antidepressants may further facilitate the selection of less inappropriate antidepressants, through information exchange, rapport, and problem-solving. For patients with asthma and osteoporosis who require antidepressants, the avoidance of PI antidepressants will contribute to minimizing adverse events in these patients. This may also extend to patients with chronic renal failure, diabetes, and obesity, where PI sedative prescribing is less likely. The protective influences of race and payment type on antidepressant prescribing and the influence of income on sedative prescribing require further study to identify unmeasured confounders and/or interactions.
Based on the increased risk of exposure to PI sedatives, as the number of medications ordered increases, affected older adults should undergo periodic medication review, education, and monitoring. These patients and/or their caregivers should be taught to identify and report adverse effects, particularly patients seen in neurology and psychiatric specialties. Given the increased likelihood of PI sedative use among females, and whites, further evaluation of these factors and any interacting confounders is needed.
This study is novel as it highlights the influence of previously unidentified nonclinical factors, such as the use of computer systems with prescribing support, household income, consultation time, and physician specialty. These findings may serve as benchmarks for future assessments, as well as guide the development of policies and interventions to improve the quality of sedative and antidepressant prescribing for older adults. 
